The effects of coronary artery ligation on regional arterial and venous O2 saturation, oxygen extraction, blood flow, and oxygen consumption were studied in occluded and unoccluded areas of the hearts of fourteen anesthetized open-chest dogs. In seven animals, a coronary artery was occluded for 10 minutes and in seven others a vessel was ligated for 2 hours. Microspectrophotometric observations of small regional arteries and veins in quick-frozen hearts to determine regional O 2 extraction were combined with regional blood flow measurements with radioactive microspheres to determine regional myocardial O2 consumption by the Fick principle. Flow was significantly lower in the occluded compared to the control area at both times. The subendocardial: subepicardial flow ratio was reversed at 2 hours in the occluded area. Oxygen extraction was greater in the occluded areas. Oxygen consumption was lower in the occluded area. At 2 hours, the subendocardial: subepicardial consumption ratio was reversed in the occluded area, indicating a greater decrement in consumption in the subendocardium. Measurements of arterial saturation indicate an increasing number of blood vessels with O2 saturations below 80% with coronary artery occlusion. These vessels were found in all occluded areas. This would indicate a marked heterogeneity of blood flow within the area of occlusion. Some vessels may have normal flow and others low or no flow. There was heterogeneity of flow and oxygen extraction which led to areas with relatively normal oxygen consumption in the core of the infarct.
SUMMARY The effects of coronary artery ligation on regional arterial and venous O2 saturation, oxygen extraction, blood flow, and oxygen consumption were studied in occluded and unoccluded areas of the hearts of fourteen anesthetized open-chest dogs. In seven animals, a coronary artery was occluded for 10 minutes and in seven others a vessel was ligated for 2 hours. Microspectrophotometric observations of small regional arteries and veins in quick-frozen hearts to determine regional O 2 extraction were combined with regional blood flow measurements with radioactive microspheres to determine regional myocardial O2 consumption by the Fick principle. Flow was significantly lower in the occluded compared to the control area at both times. The subendocardial: subepicardial flow ratio was reversed at 2 hours in the occluded area. Oxygen extraction was greater in the occluded areas. Oxygen consumption was lower in the occluded area. At 2 hours, the subendocardial: subepicardial consumption ratio was reversed in the occluded area, indicating a greater decrement in consumption in the subendocardium. Measurements of arterial saturation indicate an increasing number of blood vessels with O2 saturations below 80% with coronary artery occlusion. These vessels were found in all occluded areas. This would indicate a marked heterogeneity of blood flow within the area of occlusion. Some vessels may have normal flow and others low or no flow. There was heterogeneity of flow and oxygen extraction which led to areas with relatively normal oxygen consumption in the core of the infarct. CircRes 47: [400] [401] [402] [403] [404] [405] [406] [407] 1980 MYOCARDIAL infarction leads to a reduction in blood flow and oxygen consumption and an increase in oxygen extraction in the affected region of the heart (Blair, 1969; Marshall et al., 1974; Obeid et al., 1972; Owen et al., 1970; Ramakrishna et al., 1975; Weiss and Lipp, 1979) . The infarct which produces the ischemia lowers tissue Po 2 , causes a loss of cellular constituents, accumulation of anaerobic end products, rupture of lysosomal membranes, and ultimately cell death and necrosis (Blair, 1969; Obeid et al., 1972; Owen et al., 1970; Apstein et al., 1977; Khuri et al., 1975; Kloner et al., 1977; Lipp and Weiss, 1978) . Within the zone of infarction, myocardial blood flow appears to be affected more adversely in the deeper, subendocardial region than in the more superficial subepicardial region of the left ventricular free wall (Becker et al., 1973; Hoffman, 1978) . The present study was designed, in part, to determine for the first time the regional oxygen extraction and oxygen consumption within an area of ischemia. Under control conditions, it has been found that oxygen extraction and oxygen consumption are greater in the deeper, subendocardial region (Weiss and Sinha, 1978; Weiss et al., 1978a) .
During an infarction, blood flow may be quite heterogeneous. There have been claims for the existence of a border zone of reduced flow, although this has been questioned (Hearse et al., 1977; Hirzel et al., 1977) . Within the core of the infarct, there are areas where, if flow is later restored, no return of blood flow is found (Camilleri and Fabiani, 1977) . This "no reflow" phenomenon, may lead to areas of early flow heterogeneity in the infarct. In the present report, I have studied this effect during ischemia. Spatial heterogeneity of flow also has been observed in normal heart tissue (Marcus et al., 1975 , Marcus et al., 1977 .
To examine the relationship between regional oxygen supply and demand in an ischemic area, a quantitative technique to measure regional myocardial O 2 consumption was employed. Microspectrophotometric observations of small regional arteries and veins in quick-frozen hearts were made to determine regional O2 extraction and were combined with regional measurements of blood flow with radioactive microspheres to determine regional myocardial O2 consumption (Sinha et al., 1975; Sinha et al., 1977; Weiss and Sinha, 1978; Weiss et al., 1978a) . Thus for the first time, the relation between oxygen supply and consumption could be determined quantitatively in an area of REGIONAL O 2 CONSUMPTION IN INFARCTS/Weiss 401 infarction. The microspectrophotometric observation of regional arterial O 2 saturation was also employed to give an estimate of regional flow heterogeneity.
Methods
This study was conducted on 14 adult mongrel dogs of either sex ranging in weight between 16 and 27 kg. The animals were anesthetized with sodium pentobarbital, 30 mg/kg, iv, and this was supplemented as required. The trachea was intubated and artificial ventilation was instituted with a Harvard Pump. The F A(O was monitored and maintained constant by adjusting ventilation. A femoral artery was catheterized and the catheter was advanced into the aortic arch. This catheter was used to record aortic blood pressure and heart rate and for arterial blood sampling.
Under artificial ventilation, the chest was opened at the 5th interspace on the left side. The pericardium was opened and tied back. A catheter was placed in the left atrium and another was placed in the left ventricular cavity through the apical dimple. The left ventricular catheter was used to record pressure and the rate of pressure change, dp/dt. A catheter was placed in the right external jugular vein and advanced at least 2 cm into the coronary sinus. An interval of at least 30 minutes was allowed for the preparation to stabilize.
In the control period, heart rate, blood pressure and dp/dt were recorded on a Beckman R411 recorder. Anaerobically obtained arterial and coronary sinus blood samples were used for analysis of blood gases, pH (Instrumentation Laboratory, model 113) and hematocrit and hemoglobin concentration (Fisher Hemophotometer). The main trunk of the left anterior descending artery was then tied off. The tie was placed below at least one major branch to keep the size of the experimental infarct small. No animals used in these experiments had visible surface collaterals to the area supplied by the left anterior descending artery. Ten minutes after occlusion of the coronary artery, recordings and blood samples were obtained. A dose of approximately 1-2 million carbonized 85 Sr-labeled microspheres, 15 ± 3 jtim in diameter (3M Co.) was injected as a bolus of approximately 0.5 ml into the left atrial catheter and then flushed with 5 ml of saline in seven of the experimental animals. A reference sample method was used to obtain myocardial flow measurements (Buckberg et al., 1971) . The sample was obtained from the femoral artery catheter with a peristaltic pump set at 7 ml/min. When radioactive microsphere injections had been completed, the hearts were fibrillated to arrest blood flow during the freezing process. Immediately, with a large pair of shears, I cut the ventricles below the atrioventricular ring and dropped them into liquid nitrogen-cooled liquid propane. It has been shown that the time for fibrillation and freezing is so short that no changes occur in arterial or venous oxygen saturation (Weiss and Sinha, 1978) . The frozen hearts were stored at -70°C until analyzed. In the other seven dogs, the occlusion was continued for 2 hours. Recordings and blood samples were then obtained. A dose of 1-2 million carbonized 85 Sr-labeled microspheres was injected and a reference blood sample was obtained. The hearts were then removed as described.
Immediately adjacent duplicate transmural samples of the left ventricular free wall were cut from the center of the ischemic area and also from an area unaffected by ligation of the blood vessel. Samples were prepared for analysis of regional microsphere distribution and for microspectrophotometric analysis as described previously (Weiss et al., 1978a) . Briefly, 30-/tm thick frozen tissue sections were cut on a cold rotary microtome in a -25°C cold box. Each section was then transferred to a precooled slide, covered with deoxygenated silicone oil, and rapidly transferred to the microspectrophotometer cold stage. Arteries and veins, 20 to 150 /xm in diameter, were located in the regions of interest and absorbances at 560, 523, and 506 nm were obtained to give O2 saturation of the blood contained within the vessels. Only vessels seen in transverse sections were studied, so that the light path was only through blood. In all, 1257 vessels were examined microspectrophotometrically. This consisted of between seven and 10 arteries and seven and 10 veins in the subepicardial, middle, and subendocardial regions of the occluded and nonoccluded regions. The adjacent tissue samples were prepared for blood flow determination. Blood flow was determined in ml/min per 100 g (Buckberg et al., 1971) .
Regional oxygen extraction (ml O2/IOO ml blood) was calculated in the control area as the local arteriovenous difference multiplied by the arterial hemoglobin concentration times the maximal O 2 combining capacity of 1.36 ml 02/g hemoglobin. Oxygen extraction for the occluded region was obtained from the unoccluded regional arterial O 2 saturation less the occluded regional venous O2 saturation. Using the Fick principle, the oxygen consumption for the regions of interest was determined as the product of O 2 extraction and regional blood flow (Weiss et al., 1978a ). The regional ratio of O2 supply to consumption was determined by dividing the local O 2 supply by local O 2 consumption, Cao 2 x Q/Q X (Cao 2 -Cvo 2 ), where Cao 2 and Cvo 2 are arterial and venous O 2 content and Q is the blood flow. This reduces to Sao 2 /(Sao 2 -Svo 2 ), where Sao 2 and Svo 2 are the percent oxyhemoglobin in the arterial and venous blood, respectively.
Using a repeated measure design, I employed factorial analysis of variance to determine whether differences existed between areas, occluded and nonoccluded and regionally with depth, for arterial and venous O 2 saturations, oxygen extraction, blood flow and oxygen consumption in the hearts after 10 VOL. 47, No. 3, SEPTEMBER 1980 All values are expressed as mean ± SD. AP = aortic pressure; LVP = left ventricular pressure; dp/dt = positive dp/dt; HR = heart rate. minutes and 2 hours of occlusion. The statistical significance of the differences was determined by the Student-Newman-Keuls procedure (Steel and Torrie, 1960) . A value of P < 0.05 was accepted as significant. The distribution of the data was tested for normality using the modified Kolmogorov-Smirnov statistic.
Results
At the onset of the occlusion, there were small initial falls in blood pressure and dp/dt. By 10 minutes postocclusion, however, pressures had returned to the control level (Table 1) . The blood pressure and heart rate remained unaltered for the next 2 hours. Blood gasses and pH in arterial and coronary sinus blood were not altered by occlusion when measured at 10 minutes or 2 hours postocclusion (Table 2) .
Myocardial Blood Flow
Occlusion significantly lowered regional coronary blood flow (Fig. 1 ). In the area affected by ligation of the left anterior descending artery, mean transmural blood flow was 23.1 ± 28.6 (mean ± SD) ml/ min per 100 g, and the flow in the unoccluded area was 99.2 ± 38.0 ml/min per 100 g after 10 minutes. After 2 hours of occlusion, flow was 29.1 ± 36.4 ml/ min per 100 g in the occluded area and 109.1 ± 42.7 ml/min per 100 g in the unoccluded area. At 10 minutes, there was no significant difference with depth in either the occluded or unoccluded area. After 2 hours, the occluded area had a subendocar-dial flow of 18.8 ± 38.3 ml/min per 100 g and a subepicardial flow of 42.9 ± 42.2 ml/min per 100 g. This difference was not significant due to the great variability of the flow values. In the unaffected area at 2 hours, blood flow was significantly higher in the subendocardial region compared to the subepicardial region. The subendocardial-to-subepicardial flow ratio was significantly lower in the occluded area, 0.44 ± 0.52 compared to the control area, 1.24 ± 0.12, at 2 hours. There was no significant difference in the ratio at 10 minutes postocclusion.
Arterial O2 Saturation, Venous O2 Saturation, and O 2 Extraction
In the area unaffected by ligation of the left anterior descending artery, arterial saturation averaged 93.5 ± 3.3% in the animals occluded for ten minutes and 94.3 ± 2.6% in the dogs occluded for 2 hours. There was no significant difference in arterial O 2 saturation with vessel size in the unoccluded area, nor was there a subepicardial vs. subendocardial difference. When the unaffected area in all 14 animals were examined, only 3.9% of the vessels had O 2 saturations below 80% (Fig. 2) . Occlusion significantly lowered arterial O 2 saturation in the affected area compared to the control area. In the affected area, arterial O2 saturation was lowered to 86.1 ± 5.2% after 10 minutes of occlusion and to 81.2 ± 6.4% in the area occluded for 2 hours. These values were significantly below control and different from each other. There was some tendency for subendocardial arteries to have a slightly lower saturation, 81%, compared to subepicardial arteries, 85%, but the difference was not significant (P = 0.06). There was a large statistically significant increase in the number of vessels having saturations below 80% both at 10 minutes and more so at 2 hours postocclusion (Fig. 2) .
Venous O 2 saturation was significantly lowered by occlusion at 10 minutes, 34.4 ± 6.2% unoccluded vs. 25.4 ± 6.7% occluded, and also at two hours, 37.7 ± 5.7% vs. 25.3 ± 5.2%. There were no significant differences with depth in the occluded region with respect to venous O 2 saturation at either time. The unoccluded area in the dogs occluded for 10 minutes had a significant subepicardial-to-subendocardial venous O2 saturation gradient, 36.2 ± 4.4% vs. 31.2 ± 4.3%. The difference was not significant in the control area at 2 hours, 38.9 ± 6.0% vs. 35.4 ± 4.6%. The histograms of venous O2 saturation in various regions of the occluded and nonoccluded area are shown in Fig. 3 . Note that even after 2 hours of occlusion some veins have high O2 saturations.
The amount of oxygen extracted from the arterial blood was significantly greater in the occluded area compared to the nonoccluded area (Fig. 4) . Approximately 15% more oxygen was removed from the blood in the occluded area compared to the nonoccluded area at 10 minutes and approximately 21% greater regional O2 extraction was found at 2 hours.
In the occluded area, no subepicardial-to-subendocardial gradient in O 2 extraction was found either at 10 minutes or 2 hours. In the group occluded for 10 minutes, subepicardial O2 extraction was significantly lower than subendocardial in the control area (13.1 ± 2.4 vs 14.3 ± 3.7 ml O 2 /100 ml blood). The difference was not statistically significant in the control area of the 2-hour occlusion group.
Myocardial O 2 Consumption
Oxygen consumption was significantly lower in the occluded areas than in the nonoccluded areas (Fig. 5 ). The occluded area had only 29% of the O 2 consumption of the nonoccluded area. Time of occlusion did not affect the difference in consumption. In the occluded area, there was no subepicardial-tosubendocardial O2 consumption difference at either time. After 10 minutes of occlusion, the unoccluded area exhibited no depth effect with regard to O2 consumption. At 2 hours, however, subepicardial O 2 consumption was significantly below that of the subendocardial region. The average oxygen consumption of the normal area was 12.6 ± 3.8 ml O 2 / min per 100 g at 10 minutes and 12.4 ± 8.7 at 2 hours, whereas the average consumption in the occluded area was 2.8 ± 4.6 0 2 /min per 100 g at 10 minutes and 3.8 ± 5.1 at 2 hours. The subendocardial-to-subepicardial O 2 consumption ratio was significantly higher in the unoccluded area, 1.31 ± 0.26, than in the occluded area, 0.45 ± 0.56, at 2 hours. This reflected differences in the flow ratio. Differences in the O 2 consumption ratio were not significant at 10 minutes. The data describing regional blood flow, arterial and venous O2 saturation, extraction and consumption showed a normal distribution.
The expressed by the 0 2 supply/O 2 consumption ratio is given in Table 3 . Whereas subendocardial ratios were slightly lower than corresponding regional subepicardial ratios, these differences were not significant in the nonoccluded area. Occlusion, however, significantly lowered the O2 supply :O2 consumption ratio both in the 10-minute and 2-hour groups, in the three transmural regions studied.
Discussion
When a vessel supplying a portion of the left ventricular free wall is ligated, there is an immediate fall in flow in the affected area. This leads to a rapid fall in local contractility, dp/dt, work, and electrical activity in this area (Marshall et al., 1974; Ramakrishna et al., 1975; Khuri et al., 1975) . Venous 0 2 saturation falls in the veins draining the area (Blair, 1969; Marshall et al., 1974; Obeid et al., 1972; Owen et al., 1970; Ramakrishna et al., 1975; Weiss and Lipp, 1979) . Venous CO2 tension also is increased, and there are changes in lactate, pyruvate, glucose, potassium, phosphate, and pH (Blair, 1969; Marshall et al., 1974; Obeid et al., 1972; Owen et al., 1970; Weiss and Lipp, 1979) . Within the tissue, there is a fall in tissue Po 2 and a rise in tissue Pco 2 (Khuri et al., 1975; Lipp and Weiss, 1978) . These effects and the fall in blood flow seem more severe in the deeper, subendocardial region of the affected area (Khuri et al., 1975; Lipp and Weiss, 1978; Becker et al., 1973; Hoffman, 1978) . OCCLUSION -2 hr. FIGURE 5 Regional myocardial oxygen consumption (Vo-z) in the subepicardial, middle, and subendocardial regions of the left ventricular free wall. Oxygen consumption in the occluded and unoccluded regions is depicted for animals in which the left anterior descending artery was occluded for 10 minutes and 2 hours (mean ± SD).
Although occlusion of the left anterior descending artery lowered blood flow in this area, there was no subepicardial-to-subendocardial gradient in either the occluded or nonoccluded area after 10 minutes of ligation (Fig. 1) . In dogs with the artery occluded for 2 hours, there was a significant reversal of the ENDO/EPI flow ratio, which was 1.24 ± 0.12 in the nonoccluded area and 0.44 ± 0.52 in the occluded area. In a normal heart, microspheres of this size tend to show a slightly higher subendocardial than subepicardial flow (Gross and Winbury, 1973) . Occlusion dramatically reverses this finding (Becker et al., 1973; Hoffman, 1978) . I then studied the differences in flow distribution within the area of occlusion through examination of the arterial O 2 saturation.
In the control area, less than 4% of the arteries were found to have saturations of less than 80%. The low O2 saturations were unrelated to vessel size or depth within the heart. This has been reported previously (Weiss and Sinha, 1978) . In the occluded area, arterial O 2 saturation was lower than in the unaffected area at 10 minutes and even lower at 2 hours. This is clear evidence for spatial heterogeneity of blood flow. The arterial wall provides a significant barrier to diffusion of oxygen into the myocardium. It has been shown that the oxygen saturation of large arteries is the same as small ones in the heart (Weiss and Sinha, 1978) , indicating no loss of oxygen. Further, in fibrillating hearts and skeletal muscle, no loss of oxygen was seen in arteries greater than 20 /tin in diameter for at least 2 minutes (Weiss and Sinha, 1978) . Since, after occlusion for at least 10 minutes, some myocardial arteries had quite low O 2 saturations, this indicates that blood flow in these vessels must have been very slow or completely stopped. The evidence indicates that O 2 saturation would fall only in myocardial arteries after considerable flow reduction. This low flow state occurs in only some arteries, since others have normal O2 saturations. The percentage of arteries with low O2 saturation, and therefore low flows, is higher at 2 hours than at 10 minutes. The alternate explanation for the low arterial O2 saturation, i.e., a reduction in the external wall diffusion barrier, appears unlikely especially after only 10 minutes of ischemia. Changes in the partial pressure of gases in the extracellular fluid could well affect arterial O 2 saturation as well. Large microregional differences in the partial pressure of O 2 and CO 2 could only occur, however, if there were large vessel by vessel variations in flow.
There is considerable evidence for spatial inhomogeneity of flow within a region of myocardium, e.g., subendocardium (Marcus et al., 1975; Marcus et al., 1977) . These investigators have found that tissue samples weighing about 1 g may have very different flows even in the same myocardial region. Steenbergen et al. (1977) , using NADH fluorescence photography, demonstrated on the surface of ischemic and hypoxic saline-perfused rat hearts, discrete heterogeneous anoxic zones. The measurements of arterial O 2 saturation indicate, for the first time, that these differences in flow exist within an area of infarction. Furthermore, this inhomogeneity All values are expressed as mean ± SD. VOL. 47, No. 3, SEPTEMBER 1980 exists on a vessel-by-vessel basis and, with time, more of the vessels appear to have low flow. Neither the heterogeneity demonstrated by these investigators nor the possibility of vessel by vessel flow differences suggested in the present report should affect regional blood flow measurements with radioactive microspheres. Flow distribution is normal and samples obtained should reflect regional averages (Steel and Torrie, 1960) . We also have estimated that the number of microspheres in the low flow samples is greater than 500, which should maintain reasonable accuracy (Buckberg et al., 1971) .
While I investigated flow and arterial O 2 saturation in the obvious center of an area of low flow, it was possible that some small areas of normal flow were present (Hirzel et al., 1977) . These areas of normal flow could explain the many vessels with a high arterial O2 saturation. There are many reports of collateral vessels and arterial anastomosis through which blood can be supplied to the area normally supplied by the ligated vessel (Berne and Rubio, 1969; Cohen, 1978; Eliska and Eliskova, 1970 ). This appears to be especially probable in dogs. Distribution of collateral flow within the area of infarction also could be inhomogeneous due to slight differences in path length, pressure differences, vessel sizes, regional work, or regional bulging. It appears that the number of arteries with low O 2 saturation is increased in the group studied 2 hours after occlusion. This may be related to edema, tissue swelling, or other changes that block arterial flow (Kloner et al., 1977) . this may also be related to the "no-reflow" phenomenon (Camilleri and Fabiani, 1977) , in which, when reinstituted after a period of time, blood flow does not return uniformly to reperfuse all of the blocked vessels.
In heart, tissue Po 2 , and venous and capillary O2 saturation, are lower in the subendocardial region compared to the subepicardial region in control animals (Weiss and Sinha, 1978; Weiss et al., 1978b; Holtz et al., 1977) . In the nonoccluded area in the present study, venous O 2 saturation is lower at 10 minutes postocclusion in the subendocardium but not at 2 hours. Some of the differences between the present findings at 2 hours in the control area and other studies with normal hearts may be due to the effect of the infarct. While pressure appears unaltered ( Table 1) the level of circulating catacholamines may be higher during infarction. The unaffected region may be doing slightly more work to compensate for the nonworking area.
In the occluded area, venous O 2 saturation was significantly lower than that found in the control area, and no regional differences were observed. Investigators measuring the O 2 saturation through catheterization of a small vein draining the infarcted area have also found a sharp fall in venous saturation in infarcts (Blair, 1969; Marshall et al., 1974; Obeid et al., 1972; Owen et al., 1970; Weiss and Lipp, 1979) . From the histograms shown in figure 3 , it is clear that while the average regional venous saturation is lower in the affected area, the distribution of saturation is just shifted to slightly lower values. The degree of heterogeneity seen in the infarct is large. There still are many veins in the infarcted area with high O 2 saturations. This could be due to nonhomogeneous extraction of oxygen, or nonhomogeneous blood flow distribution. Some of the heterogeneity also could be due to normal areas within the area of infarct, collateral flow distribution and venous anastomosis (Berne and Rubio, 1969; Cohen, 1978; Eliska and Eliskova, 1970) .
The fall in venous O 2 saturations indicated an increase in the amount of oxygen extracted by the area supplied by the ligated vessel. In the present study, I used arterial O 2 saturations outside the area to compute the O 2 extraction (i.e., normal arterial O 2 saturation). O 2 extraction is normally computed as the O 2 content of the blood entering a region less the O 2 content of the blood leaving it. To choose to compute A-VO2 differences from arterial O 2 saturation and content measurements from vessels within the ischemic area would be inappropriate since some O 2 is already lost to this region.
Increases in oxygen extraction provide a second mechanism to maintain regional metabolic rate in the affected region, in addition to blood flow increases. In normal hearts, oxygen extraction is greater in the subendocardium compared to the subepicardium (Weiss and Sinha, 1978; Weiss et al., 1978a) . In the present study, this is also true at 10 minutes after ligation in the control area. No other significant differences were found. In the infarct, extraction may be at its limit in many vessels. The total average O 2 extraction may not be maximum if some of the tissue is not in serious difficulty. There is sufficient evidence to claim a degree of inhomogeneity within the infarct. The inhomogeneity of flow, O 2 saturation, O 2 extraction, and O 2 consumption should not affect the accuracy of regional averages. As long as a sufficient sample size is obtained, statistical differences with a normal distribution can be studied.
There is evidence in many tissues that the hematocrit of small vessels may be lower than that in the large ones (Klitzman and Duling, 1979) . This, however, may not be true in heart (Myers and Honig, 1964) . Even if small cardiac vessels had a low hematocrit compared to large ones, this would not affect computed arterial-venous O 2 saturation difference or extraction, since small and large vessels have the same saturation (Weiss and Sinha, 1978) . Further, no regional differences in hematocrit have been found in heart (Myers and Honig, 1964) .
In the area affected by ligation, measurements indicated a sharp reduction in work (Apstein et al., 1977; Pashkow et al., 1977) . I and others report a much reduced oxygen consumption in the area of flow reduction (Blair, 1969; Marshall et al., 1974; Obeid et al., 1972; Owen et al., 1970; Ramakrishna et al., 1975; Weiss and Lipp, 1979) . No regional differences with depth were found except at 2 hours when subendocardial consumption was higher than subepicardial in the control region. The ENDO:EPI consumption ratio at 2 hours was also significantly different between the control areas and areas with reduced flow, indicating that the subendocardial region was more adversely affected. In many types of stress, this region is more severely affected (Hoffman, 1978) .
The ratio of oxygen supply to oxygen consumption is lower in the occluded than in the control area. No significant differences with depth into the left ventricular free wall were observed. The ratio of supply to consumption in the infarcted area only ranges from 1.3 to 1.4. Under other circumstances, the ratio may be lower (Daniell, 1973; Scott, 1961) . Some of the needs of the tissue are being supplied anaerobically, and portions of the tissue are dying. Due to inhomogeneity in the tissue, this ratio is higher in some regions than others. It is clear from this study that the tissue affected by the ligation of the left anterior descending coronary artery suffers supply vs. consumption imbalances in an inhomogeneous manner. This within-region variation in blood supply and oxygen extraction in the core of the developing infarct may imply the possibility of preservation of some portions of the endangered area. This could be accomplished by increasing oxygen delivery through those vessels that are still functional in the infarct.
